: niobic acid (5 g, 80% w/w, 30 mmol Nb) was mixed with TMAOH·5H 2 O (6 g, 33 mmol) and NiCl 2 ·6H 2 O (0.8 g, 3.4 mmol). The solid mixture was reacted in a PTFE-lined autoclave at 120°C for 4 days. The resulting light green solution was washed with isopropanol three times followed by washing with ethanol in a plastic centrifuge tube (50 mL capacity). The remaining nearly colorless but slightly green product was recrystallized from methanol. After the slow evaporation of the solvent, the crystalline product was washed with aliquots of methanol on a glass frit to get the analytically pure product. Yield: 2.9 g (42 % based on Nb). Elemental analysis calcd (%) for C 24 H 109 N 6 NiNb 9 O 45 : C 13.74, H 5.24, N 4.01, Ni 2.80, Nb 39.88; found: C 14.81, H 4.94, N 3.88, Ni 2.89, Nb 40.56.
Niobic acid (Nb 2 O 5 . nH 2 O , also known as hydrous niobium oxide (20% w/w water); 5 g, 30 mmol Nb) was mixed with TMAOH·5H 2 O (4 g, 22 mmol) and K 2 FeO 4 (0.66 g, 3.3 mmol). The solid mixture was reacted in a PTFE-lined autoclave at 100°C for 2 days. The brown solution obtained after reaction was washed with isopropanol three times in a plastic centrifuge tube (50 mL capacity) until brown sticky product was isolated. The product was then extracted with ethanol. Nearly colorless but slightly yellow prismatic crystals grew over several months in the viscous brown oil which formed after evaporation of the ethanol. The crystals were washed with ethanol on a glass frit. O (2): niobic acid (5 g, 80% w/w, 30 mmol Nb) was mixed with TMAOH·5H 2 O (6 g, 33 mmol) and NiCl 2 ·6H 2 O (0.8 g, 3.4 mmol). The solid mixture was reacted in a PTFE-lined autoclave at 120°C for 4 days. The resulting light green solution was washed with isopropanol three times followed by washing with ethanol in a plastic centrifuge tube (50 mL capacity). The remaining nearly colorless but slightly green product was recrystallized from methanol. After the slow evaporation of the solvent, the crystalline product was washed with aliquots of methanol on a glass frit to get the analytically pure product. Yield: 2.9 g (42 % based on Nb). Elemental analysis calcd (%) for C 24 
Analytical Details
ESI-MS spectrometry was carried out using an Agilent G1958b single quadrupole spectrometer using a cone voltage of -20 V and an injection rate of 30 µL/min with a syringe pump for direct source injection. Infrared spectra were collected on a Bruker Tensor 27 FT-IR spectrometer with a KBr pellet dispersed with sample. A Varian Cary 300 UV-visible spectrometer was used to obtain the UV-Vis absorption spectra. The starting solution -2mL of 0.1 M of TMACl solution -contained 5 mM or 0.027 mM concentration of sample. Background correction was applied by a blank 0.1 M TMACl solution. Dilute TMAOH or HCl solutions were used to adjust the pH to a basic or acidic direction, respectively. Potentiometric titrations were carried out using Metrohm 718 STAT Titrino auto-titrator. The compounds were dissolved in 0.1M TMACl solution and degassed by bubbling argon before titration. The temperature was maintained at 20°C during the titration using a circulating water bath. 0.1M TMAOH/0.1M TMACl solution was used for base titration and a 0.1M HCl/0.1M TMACl solution was used for acid backtitration. Elemental analyses were performed by Galbraith Laboratories Inc. (Knoxville, TN).
X-Ray crystallography
Prism-shaped single crystals of 1 and 2 were coated with Paratone oil and mounted on a glass fiber, which was attached to a goniometer. A Bruker SMART single crystal X-ray diffractometer equipped with monochromated Mo Kα radiation (λ = 0.71073Å) and an area detector was used for data collection. The crystal was kept at 90K by cold nitrogen stream during the data collection. The data reduction was performed by using SAINT software.
1 Multi-scan absorption correction was applied with SADABS software. 2 The crystal structure was solved with SHELXTL software package 3 by using direct method, which found metal and some of oxygen, nitrogen, carbon sites. Subsequent refinement cycles found all other atoms in the structure. Hydrogen atoms on the tetramethyammonium group were refined using the riding model. Only a few hydrogen atoms on the crystallization water molecules were found in the electron density map. In the structure of 1, two central metal sites in the cluster had lower electron density than other metal sites, and were refined with partial occupancy model of iron and niobium. Each Fe2/Nb2 and Fe9/Nb9 pair was restrained to have same atomic displacement parameters and same coordination for that purpose. During the refinement of 2, three protons were found on the cluster during the final refinement stages. In the structure of 2, one tetramethylammonium cation is severely disordered in two different remote sites along with crystallization water, having approximately half occupancy in each site.
Fig. S1
ESI-MS (red) of 1 (top) and 2 (bottom) compared with calculated spectra (black). Isotopic patterns were calculated using pyisocalc (http://sourceforge.net/p/pyisocalc).
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